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Introduction: CI chondrites are fundamental meteorites, as their chemical compositions closely resemble to that 

of the Sun's photosphere [1]. Measuring their oxygen isotopic compositions is fundamental to constrain the origin 
and dynamics of dust and water ice grains in the protoplanetary disk [e.g., 2-3]. However, subsequent parent body 
fluid circulation processes make difficult straightforward estimation of the primordial isotope composition of CI 
chondritic water and anhydrous minerals.  

Materiel and methods: We determined the oxygen isotopic composition of mechanically-isolated olivine and 
carbonate grains from the Orgueil CI chondrite with a SIMS CAMECA 1270 E7. 16O-, 17O-, and 18O- ions produced 
by a Cs+ primary ion beam (~15 µm, ~4 nA) were measured in multi-collection mode using three Faraday cups.  

Results: Our results show that orgueil olivine grains are Mg-rich with Fo88-95 and show low abundances of 
trace elements such as CaO (≤ 0.2 wt%). All olivine grains but one show Earth-like O-isotopic compositions (Δ17O 
= 0 ‰) plotting at the intersection of the TFL and PCM, the other standing on the latter. Ca-carbonates (calcite and 
dolomite) define a trend with δ17O = 0.50 (± 0.05) ×  δ18O + 0.9 (± 1.4) that is indistinguishable from TFL. 

Discussion: The CI chondrites are the only subgroup of chondrites that do not contain chondrules, even pseudo-
morphosed. It has been proposed that mafic minerals from CIs correspond to (i) chondrule fragments or (ii) grains 
formed by condensation processes. Our petrographic and isotopic results demonstrate that (i) chondrules likely rep-
resent a significant constituent of CIs before the onset of aqueous alteration, (ii) the proportion of iron-rich olivine 
grains was significantly higher in CIs than in other carbonaceous chondrites (CCs) and (iii) cometary materials 
could have sampled mafic minerals with similar features than those observed in CI chondrites. 

The Ca-carbonates trend is statistically different from mass-independent fractionation lines defined by secondary 
phases in other CCs [e.g., 4-5]. At the exception of magnetite, all other secondary phases point toward a CI primor-
dial water characterized by terrestrial-like isotopic composition as also inferred from pyrolysis [6] and clumped-
isotope thermometry of CO2 (Δ47;  [7]). 

All together, the O-isotopic composition of CI water does not show significant 17,18O enrichments as expected if 
the CI parent body had formed in regions of the Solar System where self-shielding of UV light by 16O-rich nebular 
CO would have produced a 16O-poor water [8]. Instead, CI water is characterized by near-Earth O-isotope composi-
tions. If CCs were accreted beyond the orbit of Jupiter as suggested by Mo and Ni isotopic systems [9-10], this sug-
gests that the oxygen isotope composition of water in the outer Solar System was not as 16O-depleted with respect to 
the inner Solar System. In addition, CI anhydrous silicates show terrestrial values (Δ17O ~ 0), implying that the dif-
ferent constituents of CI chondrites all had near-Earth isotopic compositions. Although CI chondrites are slightly 
depleted in oxygen relative the Sun's photosphere, our data, however, define a fundamental paradox where CIs are 
chemically solar but isotopically terrestrial. Such results can be taken as a strong argument in favor of a scenario 
where the primordial dust of the Solar System would be 16O-poor, with Δ17O ~ 0, relative to the 16O-rich nebular gas 
[11]. In this scenario, 16O-rich and 16O-poor reservoirs could have co-existed in the protoplanetary disk with the 
nebular regions characterized by enhanced dust/gas ratio being 16O-poor relative to solar due to the overabundance 
of 16O-poor solids. Our data show that CI chondrites have Earth-like O-isotopic compositions, confirming that pri-
mordial dust of the Solar System could correspond to CI-like material, characterized by a 16O-poor isotopic compo-
sition.  
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